In this article we studied the effect of radiative transfer and the aspect ratio on
Introduction
Natural convection problem in tall vertical cavity was the object of many experimental and numerical studies. The majority of studies in 3-D geometries are realized for cubical cavities 1-18 . Tric et al. 10 However these authors were not interested in the study of the effect of the radiation on the transverse spiraling flow, which we propose to undertake in this work.
In this work we propose to carry out a study of the effect of the radiation on 3-D natural convection of the LiNbO 3 in vertically lengthened enclosures for, Ra = 10 5 and for various optical properties. LiNbO 3 single crystal is an excellent material for various optical applications; natural convection and radiation have a direct effect on its crystalline growth.
After the formulation of the problem and some validations, the first results relate to the principal flow and the heat transfer and the second relate to the spiraling transverse flow. Figure 1 presents the considered physical system which is composed of a square basic parallelepipedic enclosure, with aspect ratio Ar = H/W and with different uniform temperatures imposed on two opposite vertical walls, whereas all the other walls are adiabatic. One assumes that all these surfaces are gray and diffuse. This cavity is filled with a gray, emitting--absorbing and isotropically scattering fluid. The flow is supposed to be laminar and the Boussinesq approximations are used.
Formulation
The equations describing the combined radiationnatural convection are the equations of continuity, of momentum, and of energy:
As numerical method we had recourse to the vorticity--vector potential formalism (ψ ω) which allows, in a 3-D configuration, the elimination of the pressure, which is a delicate term to treat. To eliminate this term one applies the rotational to the equation of momentum. The vector potential and the vorticity are, respectively, defined by two following relations:
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After application of the (ψ -ω) formalism and adimensionalisation the system of equations controlling the phenomenon becomes: The radiative transfer equation, for a gray semi-transparent medium which isotropically absorbs, emits, and diffuses the radiation, can be written as:
The classical of finished volumes method divides the field studied in a finished number of controls volumes and the intensity direction in a finished number of solid angles. The control solid angle DW 1 is given by: (11) where DA are the surfaces of the control volume faces, one can write in algebraic form:
Dimensionless radiant intensity at the diffuseborders is given by:
In the classical finite volume method (FVM) [25] , polar and azimuthal angles are uniformly subdivided in N θ and N directions, respectively, with a total of N θ ×N control angles, fig. 3 (a), in the FTnFVM [26] , the polar angle is divided uniformly in a pair number N, whereas the azimuthal angle is divided uniformly in the following sequence of 4, 8, 12..., 2 N, 2N..., 12, 8, 4 in each level of the polar angle as shown in fig. 3 (b). The total number of control solid angles is thus N(N + 2). This new angular discretization of the FVM was proposed by Kim et al. [26] for 3-D radiative transfer of a semi-transparent medium which anisotropically absorbs, emits, and diffuses the radiation. Results obtained with the FTnFVM show a good agreement with reference solutions and are more precise than those obtained with the standard discrete ordinates method (DOM) or FVM for the same total number of controls angles. Indeed, FTnFVM produces a control solid angles distribution more uniform than the FVM. 
The average values, on each wall, of these quantities are noted as c q and r q .
Validation tests
The comparison of radiative and conductive fluxes on the heated wall, with the recent results of Colomer et al. 24 , is presented in tab. 1 for several optical thicknesses. A remarkable difference is observed between the two results but it is significant to announce that Colomer et al. 24 used the DOM with suitable directions and for the classical 3-D furnace case they compared their results only with the approximation P3 of the spherical harmonics. 
Results and discussions
The effect of radiative transfer on principal flow characteristics and on the 3-D transverse flow is discussed for Ra = 10 5 , Pr = 13.6, F t = 0.1, blacks isothermal walls and perfectly reflective adiabatic walls. The value of Prandtl number corresponds to LiNbO 3 in the liquid state which is a radiativly participating medium 27 . The effects of the conductionradiation parameter, the optical thickness and the aspect ratio on the principal flow, the heat transfer and the transverse flow are discussed. For Rc = 1 and Rc = 10, the flow is with a vortex located in the center for all the values of Rc. For Rc  the vortex, remains in the center for Rc = 2, but it is localized in top of the cavity for higher values of Rc. Corresponding isothermal surfaces are represented on figs. 8, 9, and 10, they highlight the significant reduction of the vertical stratification of the temperature in the center when the medium is radiatively participating. This dressing up of isotherms is due to the heating by radiation of the fluid near to the top of the hot wall and the bottom of the cold wall. One notes the 3-D distribution of the temperature for Rc = 0.1 and 10. When Rc , the temperature field becomes independent of the flow and a pure radiation profile is obtained. These isothermal surfaces are quasiequidistant except near to the active walls. 
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By comparing figs. 11 and 12, it is clear that the radiation increases the conductive transfer in the top of the hot wall and weakened it in the bottom and the reverse is true for the cold wall. Because of the temperatures levels difference, radiative flux is more significant on the hot wall ( fig. 13 ) whereas conductive flux is more significant on the cold wall ( fig. 12 ).
For Rc = 0, they exist peaks of heat transfer in the top of the cold wall and the bottom of the hot wall ( fig. 11 ). The radiation heat transfer tends to homogenize these distributions. For Rc = 10 the homogenization is more significant for the weak aspectratios ( fig. 13) . When Rc , the homogenization is more significant for the great aspect-ratios ( fig. 14) .
These influences of the radiative transfer on the natural convection are similar to those obtained for the air with 3-D 24 and 2-D 23 modeling. As waited, when Rc , the radiative fluxes distributions do not express any effect of gravity and are practically identical on the heated and cooled walls ( fig.  14) . Moreover, Colomer et al. 24 observed an increase in these fluxes at both ends of z--axis this variation is more significant for optical thin media. Figures 11 and 12 show also that the effects of the vertical adiabatic walls on the conductive transfer are more pronounced at the bottom of the hot face and the top of the cold face. The reverse is true for radiative flux (figs. 13 and 14) .
The results concerning the effects of the optical properties on the heat transfer on the active walls are qualitatively identical to the square cavity case 23 , the optical thickness has a more significant influence that the scattering albedo. Table 2 
Effect of radiation on the transverse flow
In this part we present results concerning the influence of the radiative transfer on the transverse 3-D flow for Pr = 13.6 and Ra = 10 5 .
The transverse flow is a direct demonstration of 3-D nature of the movement and it is of primary importance to study instationnarity and transitions. This 3-D movement is generated by the presence of the adherent walls to the fluid 1 which cause a 3-D effect known as inertia-effect and by another 3-D effect says thermal-effect due to temperature variation in close to the side walls. 
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In the air Rayleigh-Benard convection case, Kessler 18 mentioned that these heating effects are restricted at a small zone close to the walls whereas the effects of inertia are perceptible in all the enclosure. Indeed, and like already indicated, the fluid particles which move in the xy plans do not remain in the same plan and a weak "helicoidal" flow exists. The velocity component corresponding (V z ) is in general smaller of an order of magnitude than the components of the principal flow (V x and V y ) 15 . Contrary to the 2-D situation, projection of the velocity vectors on the median plane xy are not closed but describe spirals in direction of the centers of these vortices or in direction of the walls.
For Ar = 2 and in absence of radiation ( fig. 15 ), a complexes transverse flow occurs. Two central movements in spirals exist and converge towards an intermediate xy plan located at z 0.85, fig. 15(a) and (b) . This is followed by a divergent flow to the front wall as shown in these figures. We noted thereafter the appearance of a succession of flows in convergent, divergent spirals then again convergent, between this wall and plan xy, fig. 15(c) and (d) .
For Ar = 4 ( fig. 16 ) the flow becomes with only one vortex and the external flow becomes more organized with a more reduced passage of a plan towards another.
As mentioned, projection of the velocity vectors in the xy plans are not closed. This is confirmed in fig.  17 (a) which shows the convergent movement towards the two vortices in xy planes. This structure is modified for z = 0.9 and the peripheral flow develop in spirals towards the walls, fig. 17(b) . This structure persists until z = 0.99, fig. 17 (c) and consequently no merging of vortices is observed. While in the center, the flow remains convergent towards the centers of these vortices. For Ar = 4 ( fig. 18) and Ar = 8, the flow is with only one vortex for all the xy plans.
For Ar = 2 ( fig. 19) , the results are clearly changed. For Rc = 1 and = 0.1, the flow becomes with only one slightly tilted vortex towards the hot wall, developing in convergent-inners and divergent-peripherals spirals.
The peripheral converge flow is similar to that obtained in pure natural convection. By increasing Rc ( fig. 20 ) the vortex is not inclined any more and the flow becomes more and more organized. For Ar = 4 and 8, Rc = 1, and = 0.1 the flow always remains with only one vortex with a structure almost identical to that in absence of the radiation.
For Ar higher than 2, and when Rc tends towards the infinite, one notices that the center of the vortex changes position into passing from a plane towards another. For example for Ar = 4 ( fig. 21 ), for z = 0.5 the vortex is localized in the top of the cavity, for z = 0.75 it is localized perfectly at the center of the cavity and for z = 0.85 it becomes in bottom of the cavity. Figure 22 shows the variations of the transverse velocity maximum V zmax according to the aspect ratio for various values of Rc. Transverse velocity increases according to Rc and Ar, which implies that the increase in Rc and Ar, increases the 3-D aspect of the flow. 
Conclusions
The results presented in this paper relate to lengthened 3-D enclosures differentially heated, these results are carried out for Pr = 13.6.
In absence of radiation there is a zone not far from the median plane where the flow is quasi 2-D. The transverse flow developing in interior spirals starts halfway between this plan and the front and back walls.
The effect of the radiation heat transfer on the 3-D behavior of the flow is significant in the heart of enclosure. The flows developing in interior spirals are very sensitive in position and direction to the radiation, while the movement developing in peripheral spirals is qualitatively not very sensitive to this mode of transfer. This postulates that the radiative transfer transports the 3-D heating effect to the major part of the cavity.
For the weak aspect ratios, in the absence of the radiation the flow is two vortices and no combination of the two vortices is announced. However, for a semi-transparent medium the flow is with only one vortex.
When the radiation conduction parameter tends towards infinite the position of the vortex passes from the top of the cavity downwards and passing from a transversal plan towards another.
Nomenclature

Ar
-aspect-ratio DA -area of a control volume face Cp -specific heat capacity g 
